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ROYAL AIRCRAFT ESTABLISHMENT. FARHBOROlKiH 

Effect of a copper brazing temperature cycle and subsequent 
heat-treatments on the mechanical properties 

of same aircraft steels. 

G.C. Brir"':i B.Eng„, D. Lewis B.Sc. L.I.M. 
and 

H. Brooks B.Sc. A.I.M. 

R.A.E. Referenoe: K5/7362A/lffl/Li 
M.O.3. Referenoe; Res.Mat.667/RD.Mut.Hla/U. 

BMaa 

Teats have been made to determine the effect of oopper brazing 
and subsequent heat-treatments on the  tenuile, Impact and fatigue 
properties of a number of heat-treated steels, weldable low-alloy 
steels and plain carbon stsels.    All the steels suffered some 
reduction in properties as a result of the bracing process although 
in the oase of the hot rolled and normalised plain carbon steels 
only the impact resistance was appreciably affected.    With the 
exception of one material, whose properties were obtained by cold' 
working, the original properties of the steels could be restored by 
an appropriate post-brazing heat-troatment. 
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1 Introduction 

Out Bide the aircraft industry the copper brazing process lias 
been mainly used for Joining small pressed or turned parts made 
from mild steel.    Tests have shown that the Joints produced are 
surprisingly strong and the satisfactory behaviour of the parts 
in service indioates that the effect on the mechanical properties 
of the steel of heating to the high temperature (about 1100°c) 
necessary for brazing» ia so small as to be unimportant in the 
usual applications.   When the process bogan to be used for making 
aircraft parts its range of application was extended to include 
the Joining of parts made from voidable low alloy steels*    Joints 
in these materials were found to have about the same strength as 
Joints in mild steel, and it was inferred that the effect of the 
bracing temperature oyole on the meohanioal properties of these 
steels would be similar to that of welding« which was already known. 
Steels whose high tensile strengths are obtained by hardening and 
tempering" were tentatively regarded as unsuitable for copper 
brazing because it was dear that the brazing temperature oyole 
would nullify any prior heat-treatment, and it was not known whether 
the properties of auch steels could be restored by i-o-he&t-treatment, 
and if such a treatment were 3Uoeessful what its effect would be on 
the strength of the Joint. 

In order to provide information on these points, which, if 
favourable, would allow designers to specify high tensile steels 
for parts to be made by oopper brazing, and also to provide, more 
preoise data concerning tho effect of the process on carbon and 
weldable low-alloy steels, a two part investigation was started. 
She aim of the first part, with which this report is concerned, was 
to determine the effect of a oopper brazing temperature oyole and 
subsequent heat-treatments on the tensile, impact and fatigue pro- 
perties of a range of airoraft steels| and the aim of the second part, 
which will be reported la.or was to determine the effect of post- 
brazing heat-treatment a on the strength of Joints in these steels, 
and on tho degree of interorystallinu penetration of oopper into tho 
steels* 

2 Steels tested 

These are shown in Table I.    The bar materials were all 1 in* 
diameter, the tube materials 1" o.d. x 12G., and the strip was 16&. 

3 Details of tests 

Tensile, Izod impact and wohler fatigue tests were made on the 
bar materials in each of the following conditions (a) as received 
(b) after being passed through a oopper brazing furnace and (o) after 
being passed through the furnace and then heat-treated in one or more 
ways*    Tensile and flattening tests were made on the tube materials' 
and tensile and bend tests on the strip material, in each of these 
conditions. 

3*1     Tensile tests 

For these, round test pieoes having the dimensions of Test Piece 0 
of B.S.1B were machined from lengths of bar in the various conditions. 
The ends were screwed with a 7/8 in. B.S.P. thread for attachment to 
the self aligning shackles of "the testing machine.    The tube specimens 
were 18 in. long, they were tested with wedge grips the ends being 
plugged.    For tests on the strip material, Test Pieoe A of B.S.18 was 

- U.- 
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used, the width of the 2j in. parallel length being £ in.    The ends 
were drilled to take pins for attachment to shackles.    Duplicate 
tests were made in «ill oases, values of 0.l;o, 0.2?» and 0.5JS proof 
stresses, ultimate tensile stress and percentage elongation on an 
appropriate gauge length being determined. 

3.2      Iaod impact tests 

These «ere made in duplioate on standard 3 notch, 10 rn.ni.  square 
test pieoes (B.S.Ul) machined from lengths of bar which had received 
the various treatments described. 

i,i     Hohler fatigue tests 

For each ef the bar materials ten 5 in. lengths were obtained 
in each of the conditions investigated and from these Wähler   test 
pieoes having the dimensions shown in Fig.l were machined.    These 
were tested at various stresses to obtain data for a stress-endurance 
ourve from whioh the fatigue limit was determined. 

3.4     Flattening and bend tests 

As the specifications for the tube materials oall for flattening 
tests such tests wore made on material in eaoh of the conditions 
tested, the testing procedure laid down in the specification being 
followed.    Similarly single and reverse bend tests were made on 
specimens from the strip material. 

4 Temperature oyoling and heat-treatments 

Sufficient short lengths of bar, tube and strip for tests in 
the 'as brazed' and 'as brazed and heat-treated'  conditions were 
passed through a conveyor type brazing furnace spaaed at Intervals 
along the belt between charges of production parts«    The speed of 
the belt was 0.4 ft./min. and the times spent in the preheating* 
brazing and cooling zones -wore 17, 17 and 55 minutes respectively. 
The charge reached a maximum temperature of U10°C Just before passing 
into the cooling chamber. 

Details of the various post-brazing heat-treatments used 
are given in Table II. 

5 Metallographie examination 

Sections taken from a number of the broken tensile test pieces 
were examined microscopically.    In the 'as brazed' condition the 
structures of the steels examined were of two types, the plain 
carbon steels (B.S.S. 15 and 56) hod. coarse forrite-pearlite structures 
and the alloy steels (D.T.D.188A and B.S.S.S11) had coarse arionlax 
structures.    In all specimens the ooarse structures were completely 
refined by the post-brazing heat-treatments. 

6 Results and Conclusions 

The results of the fatigue tests are given in detail in 
Table XII - XXVIII and are shown in the form of stresa-enduranoe 
curves in Figs.2 - 6.    The fatigue limit values derived from these 
curves are inoluded in Tables III - XI each of which summarises the 
results of all the tests made on a particular material and also gives 
the main specification requirements for that material.    The conclusions 
derived from the results are discussed below« 

V -5- 
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6.1 B.S.S.15 Bar 

This material was included in the tests   as a substitute for 
B.S.3.S21 ('20<  carton steel suitable for welding) which was in short 
supply at the tine the tests were started.    The results given in 
Table III show that the tensile properties were not appreciably 
affooted by brazing, the'lzbd value wa3 apparently lowered, as would 
be expected, but the effect seems unimportant in view cf the 
variability of the 'as received1 bar.   Normalising improved the- 
Izod value,    Water quenching front the brazing temperature nearly 
doubled the tensile strength but caused a serious reduction in the 
percentage elongation and Izod values.    In this condition the 
structure of the steel oonsisted of martensite with very small amounts 
of ferrite and" troostite at the boundaries of the pre-existing coarse 

'grained austenite. 

6.2 B.S.S.AS1 Bar 

As the properties of this material are obtained by odd working« 
brazing had a marked effect, the tensile and proof stresses being 
lowered well below specification requirements.    Also, as would be 
expected, the original properties were not restored by normalising, 
and in view of the wide range of carbon content permitted'by the 
specification it is very unlikely that this steel would in practice 
be considered suitable for hardening and tempering. 

6.3 B.S.S.3*6 Bar 

The ultimate tensile stress, proof stress and percentage elongation 
values conformed to specification requirements after brazing but the 
Izod values were low.    Satisfactory impact properties were obtained by 
re-normalising, and a general improvement in properties was secured by 
full heat-treatmorit. '.'.'. 

6.4 D.T.D.188A Bar 

The tensile and Izod values, particularly the'latter, were lowered 
by brazing.    Because the temperature (660°C) at which the re-heat- 
treated specimens were tempered was too high* the ultimate tensile 
stress and proof stress values obtained for these specimens fell short 
of specification requirements but it ia clear that by the use of a 
lower tempering temperature the original properties could have been 
fully restored. 

6.5 B.S.S.4SU. Bar 

The rate of cooling from the brazing temperature was sufficiently 
rapid to cause partial hardening so that the ' as brazed* tensile 
strength was high.    However, the proof stresses, percentage elongation 
and Izod values were lowered so much that the material would obviously 
not be suitable for service in this condition.   By adjustment of the 
brazing oyole it might be possible to increase the rate of cooling 
sufficiently to give complete hardening and so make it possible to 
obtain specification tensile properties by means of a post-brazing 
tempering treatment only, but low Izod values would still be obtained. 
Full specification properties were restored by oomplete re-heat-treatment 
after brazing. 

6.6 B.3.3.3T26 Tube 

In the 'as brazed'  condition the properties were within the 
expected range for softened tubes. 

- 6 - 
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6.7 B.3.3.2T45 Tube 

The properties of this material are obtained partly by oold 
working.    The ultimate tensile -stress, and the proof stresses .more 
so, were reduoed below specification requirements by brazing but 
were restored by hardening and tempering. 

6.8 D.T.D.3W Tube 

Here again the original properties are obtained by oold working 
and consequently they are impaired by the brazing oyole.    The ultimate 
tensile stress was reduoed to about the same value as by welding 
but the proof stresses were more seriously reduoed.    Full specification 
properties were restored by hardening and tempering after brazing. 

6.9 D.T.D.124A, Strip 

This was received in the softened oondition.    After brazing 
the properties were much the same, that is they were well below 
those required for hardened and tempered material; but full 
specification properties were obtained by hardening and tempering after 
brazing. 

Attached! Mat.21*51 - 2t£5-  NT. 
Tables I - XXVIII 

7977A 

Circulation: 
C.S.(A) 
P/b.T.D.(A) 
D.A.R.D. 
D.D.A.R.D. (Mat) 
H-T.P./T.I.B. 
Director, R.A.E. 
D.D.H./-.E. 
Structures Dept. 
Library 

S Action oopy + 1} 
100) 

(2) 
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TABLE I 

Details of steels tasted 

Perm Specification 1                   ^ypu Spooifled tensile strength 
- tons/sq.inoha 

Bar 

Tube 

Strip 

 1 
B.S.S.15 
B. S.S. 4SI 
B.S.S.3P6 
D.T.D.188A 
B. S.S. 4511 

B.S.S.3T26 
B. S.S. 25545 
D.T.D.347 

D.T.D.124A 

Structural steel 
Carbon steel-cold drawn 

"•           "    -normalited 
Manganoao-molybdenum steel 
Nickel-chromium steel 

Carbon steel 
Carbon^nanganese steel 
Chromium-molybdenum steel 

Carbon manganese steel 

28- 33 
35 -45 
35 - 45 
55 - 65 
55 - 65 

20 min. 
45 min« 
50 min. 

40 - 55 O.ltf Proof Stress 

TABLE II 

Details of heat treatments applied'after brazing 

Material specification Normalising Hardening and tempering 

B. S.S. 15 Air cooled from 66o"C. Vater quenched from 
Grazing temperature 

B. s.S. 4m. Air cooled from 860-870°C. • 

B. S. S. 3So Air cooled from 860°C. Oil quenched from 850°C. 
tempered at 60O-6l0°O» 
.and. quenched in water. 

D.T.D.188A. — Oil quenohed from 850°C 
tempered at 660°C and 
quenched in water. 

B.S.S.4S11 pa Oil jjuonchea from 840°C. 
tempered at 6lO°C. 

B.3.S.3T26 Air cooled from 870-880°C. - 

B.S.S.2T45 - 
o 

Oil quenched from 860 C 
tempered at 550°C, and 
quenched in water. 

D.T.D.347 H Oil quenched from 880°C. 
tempered at 425-45QS4C. 
and quenched in oil« 

D.T.D.124A. 
• 

OIL quenched from 860°C 
tempered at 550°C and 
quenohed in water. 

 1 
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TABLE XIV 

Results of TSbhler Fatigue Teats on Bar to 
B.S.S. 15 Normalised after Braglng. 

Specimen No« Semi-iunge of stress 
- tons/sq.in. 

Endurance 
- x 10° cycles 

Remarks 

B 49 17.25 0.687 Broken 
50 16.05 5.304 n 
51 15.50 £.428 ii 

52 15.04 30.307 Not broken 
53 16.65 0.980 Broken 
54 15.30 4.002 H 

55 18.30 0.348 II 

56 . 15.15 5.178 1 

57 . 15.00 23.674 1 

TABLE XV 

Result a of TJtohler gatigue Teats on Bar toB.S3J-5 
Quenched after Blessing 

Specimen No. Semi-range of stress 
- tons/sq.in. 

Endurance. 
- x 10   cycles Remark I 

B 39 28.20 0.112 Broken 
40 26.10 0.319 « 
41 23.84 0.520 II 

42 22.00 0.968 II 

43 20.1X3 26.257 Not broken 
44 21.60 1.428 Broken 
45 21.30 3*022 n 
46 20.10 45.048 Not broken 
47 21.04 1.552 Broken 
48 

i 
20.46 3.277 II 

1 
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T-ABIdi XVIII 

Bltsultn of W&CLer Jteti^iM tests on Bar to 
' B"."S.'S.-^31" jfo'imBLUTsed a*fter"Bra'zlng 

Specimen No. Semi-range of stress 
- tonc/sq.in. 

Endnranae 
- x 10^ cycles Remarks 

SHI W 1 17.10 0.753 Broken 
2 18.00 0.370 11 

3 16.05 0.846 11 

4 15.00 2.339 11 

5 14.40 6.581 • 
6 14.10 34*268 Not Broken 
7 14.25 32.946 ti         it 

8 34.28 12.157 Broken 
9 34.55 35.369 Not Broken 

10 14.40 34.701 11       n 

'J,\KLE XIX 

Results of '.föhler Fatigue testa on Bar to 
B.&.Ü.3SG* in the «>B Rooeivod Condition 

Specimen No. Sena-range of ntroe.i Enduranoe 
- x 10    cyoles 

Remarks 
- tons/sq.in. 

S6T.1 17.45 40.722 Not broken 
2 22.5 36.564 11       11 

3 24.92 0.458 Broken 
4 24.30 0.829 11 

5 23.90 0.900 11 

6 23.05 0.558 11 

7 23.05 1.267 11 

8 22.7 1.879 11 

9 22.6 1.012 ti 

10 22.3 26.762 Not Broken 

_ 21 - 
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23.3 
22.32 
21.5 
20.97 
20.15 
20.52 
20.28 
20.20 
20.16 

Report So. Mat. 18 

flTIT.-g «C 

Results of 'Vonler Fatigue Taata on Bar to 
B.S.S.3SC in the As Brazed Cohditioh 

Semi-range of stress 
- tons/sq.in. 

Endurance 
• x 10    cycles 

fieouki 

0.234 Broken 
0.303 

M 

0.881 
1.205 

34.260 Not broken 
J..692 Broken 
2.718 
6.460 
3.873 

T^pra m 

) T r flBegJPjfrBJMfeSyP 

Semi-range of stress 
- tons/sg. in» 

22.90 
22.00 
21.08 
20.54 
21.44 
20.10 
20.20 
20.46 
20.32 
20.40 

• 0.490 
0.542 
1.909 
4.049 
$.810 

22.367 
29.048 
15.157 
37.161 
35-434 

Not Broken 

Broken 
Not Broken 

. 22 - 
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T,rt3EE XXII 

Result3 of Vohlar Fatigue Toata on . 
B.S.S.3S6 Bar Hardened and Tempered 

ixftar Brhzxn;; 

Spocimuii No» Suni-ranges of stress Endurance. 
- x 10° oyoles .    Remarks 

-  tons/sq. in. 

S6T \a 2I»»30 0.646 Broken 
2 ' 23.16 31.510 Not Broken 
3 .:* 23.70 37.027 ii          it 

4. • 25.00 0.116 Broken 
5 '24.74 0.912 ii 

6 - 24.00      , 32.380 Not Broken 
7 • 24.30 1.451 Broken 
8 2<i-14 1.105 it 

9 24.08 2.290 n 
10 • 24.00 35.429 Not Broken 

EtfM XXIII 

Results of Vohlor Fati.Mo Testa on D.T.D.188A 
Bar in the As Received Condition• 

Specimen No. Semi--range of stress 
- tonti/sn.in. 

Endurance 
- x 10° cycles Remarks 

C 15 
16 

31.0 
.   28.6 

0.917 
0.152 

Broken 

17 .    26.0 0.34L 11 

18 24.0 . 17.049 Not Broken 
19 .  .   25.1 5W.365 11          11 

20 •    25.65 0.483 Broken 
21 25.43 38.-;93 Not Broken 
22   . 25.50 40.306 11        n 

23 25.65 8.715 Broken 
24 .    26.0 44.515 Not Broken 

- 23 - 
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TABLE XXIV 

Heaulta of WohlarFatigue Testa on Bar to D.T.D.188A 
in the As Brazed Condition 

Specimen No. Semi-rang« of stress 
- tons/sq. in. 

Endurance 
• x 10° cycles 

  

Remarks 

025 25.20 1.14.7 Broken 
26 21*60 1.682 I 

27 24,00 25.402 Not broken 
28 at, 30 2.522 Broken 
29 24. 14 7.026 H 

30 26.10 0.56C I 

31 27.00 0.642 a 

32 28.00 0.354 I 

33 21M 08 29.789 Not broken 
34 swot 2.794 Broken 

i 

TABLE XXV 

Results of Wohler Pat: 
Hardened 

itigue Testa on Bar to D.T.D.188A 
and Tempered after Brazing 

Speoimen No. 1   Semi-range of stress 
- tons/sq. in. 

Endurance 
- x 106 cycles 

1 ! 
Remarks 

035 24.00 25.104 Not broken 
36 25.04 30.348 n          n 
38 30.00 a 222 Broken 
39 29.10 a 398 it 

40 27.00 39.327 Not broken 
41 27.60 0.491 Broken 
42 27.30 a 424 • 
43 27.17 0.785 • 
44 27.00 13.106 Not broken 

- 24 
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TABLE XXVI 

Roaulta o£ V/ohler Fatigue Teat3 on Bar to B.S.S.4311 
in the As Received Condition 

Specimen No. 
Semi-range of 3tres3 

- tona/a»!. in.  

Täldur anoe 
- x 1Q6 eorolea 

SU. KL 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Remarks 

28.2 
29.1 
34.3' 
32.0 
31.0 
31.5" 
31.6 
31-7 
31.5- 

32.85 

13.777 
31.923 
0.460 
1:292 

34:047 
•16:292 

1:115 
0:938 

37;090 
a 502 

Stopped 
Not broken 
Broken 

ii 

Not broken 
n II 

Broken 
n 

Not broken 
Broken 

Beaulta of Tfo"«r Fatigue  BMftl a,!* to 13"^^ 
— in tire Aa Brazed oonaitxon 

-Specimen N«. 
Soini-range of stress 

- tons/aq. in.     

311 AW1 
2 
3 
4 
5 
6 

"- 7 
8 
9 

10 
11 

     12 • 
13 
14 
15 
16 

38.45 
37.10 
36.10 
35.05 
33.10 
32.00 
31.30 
30.75 
29.20 
30.50 
28.00 
28.50 
28.90 
29.04 
29.36 
30.00 

Siduranoe 
- x 106 cycles 

.'.'0.090 . . 
0.337 
0.189 
0.190 
0.502 
6.948 
0.769 
1.503 
L560 
1.368 

31.227 
25.459 
35.010 
36.851 
30.805 
6.744 

Remarks 

Broken 

Not broken 

Broken 
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